Background: Dental caries remains one of the most common chronic diseases of adolescents. In Australia there have been few epidemiological studies of the caries experience of adolescents with most surveys focusing on children. The New South Wales (NSW) Teen Dental Survey 2010 is the second major survey undertaken by the Centre for Oral Health Strategy. The survey is part of a more systematic and efficient approach to support State and Local Health District dental service planning and will also be used for National reporting purposes.
Background
Dental caries remains one of the most common chronic diseases of children and adolescents. For example in the United States dental caries is five times more common than asthma in children [1] with 59% of 12-19-year-olds having caries experience in their permanent teeth [2] . Similar levels of caries experience (40-57%) were recorded for 12-15-year-olds in the National Australian Child Dental Survey in 2003-04 [3] . The Australian Research Centre for Population Oral Health (ARCPOH) reported there is a lack of National dental caries data for teenage children aged 15-17 years in Australia [3] . This is particularly true in New South Wales, Australia's most populous State, where there has been limited epidemiological surveys completed on adolescents. The main effort has been in measuring child dental health through the NSW Child Dental Health Survey in 2007, which examined the caries experience of five, and six year olds and 11 and 12 year olds [4] .
Recent concerns have been raised about teenagers being at an increased risk of dental disease and dental caries experience, despite several decades of improvement in the dental health of children in Australia [5] . A study of teenage oral health in South Australia found that caries experience had increased over a 10-year period between 1996 and 2006 [6] . This finding was cited by the Australian Dental Association who expressed concerns about an increase in dental disease nationally in this age group [7] . Adolescence is a key life-stage when oral health behaviours such as toothbrushing and diet choices should become habits. However it is also a period during which parental influence wanes and adolescents become more independent in terms of both their general and health behaviour. A study reported that adolescence is an important period for the development of regular dental visiting behaviour [8] which was one of the reasons for the introduction of a National Medicare Teen Dental plan in 2008, by the Australian Commonwealth Government [9] . The plan offers preventive dental services to eligible teenagers aged 12-17-years-old via a voucher that can be used in both private and public dental services and would encourage regular dental visiting.
The NSW 2010 Teen Dental Survey was undertaken as part of a more systematic approach to oral health data collection. The aim was to provide contemporary data on the caries experience of 14-and 15-year-olds in New South Wales by recording the dental caries experience of a random representative sample of Year 9 students. A secondary aim was to record the observed enamel fluorosis/ defects in this sample. The survey was a collaborative effort between the Centre for Oral Health Strategy NSW (COHS), the University of Sydney, the University of Adelaide, and the Australian Research Centre for Population Oral Health (ARCPOH).
Methods
Data for the NSW 2010 Teen Dental Survey were collected from a random sample of enrolled Year 9 secondary school students aged 14 to 15 years under the jurisdiction of the NSW Department of Education and Training, the Catholic Education Commission and Independent Schools. Schools from within each of the eight former Area Health Services in NSW were selected using a multistage, stratified random sampling procedure, based proportionately on the total child population residing within each Area Health Service. In this sampling frame the schools are defined as the primary sampling units. Schools were also stratified by their level of relative disadvantage using the Socio-Economic Index For Areas (SEIFA) [10] based on the school postcode. Schools were stratified into metropolitan and non-metropolitan areas to ensure a representative sample was selected.
The initial weight for each participant was calculated as the inverse of their probability of being selected in the survey. Due to differential response rates by Local Health District, age and sex, the initial weights were adjusted to ensure the distribution of the sample reflected the regional population distribution of 14-15-year-olds in NSW. Within each of the eight strata, sub-strata were defined by Local Health District (14 regions), sex (male/female) and age (14-to 15-year-olds). Each sub-stratum (56 sub-strata) was linked to the estimated resident population (ERP) for that sub-stratum from the Australian Bureau of Statistics.
Self-reported family income data were provided by parents or guardians as part of the questionnaire that accompanied the consent form and was used as a measure of socio-economic status (SES).
The place of residence for each participant was used to create a remoteness variable using the Australian Bureau of Statistics classification [11] and the SEIFA index of relative socioeconomic disadvantage was also linked by the participant's postcode to create another measure of SES. Aboriginal status was coded from parental responses on the consent form and the accompanying questionnaire.
In 2010, nineteen teams of calibrated dental therapists and data recorders undertook clinical examinations based on the coding protocol of the Child Dental Health Survey NSW 2007, which was developed in partnership with the ARCPOH and the University of Sydney [4] . While data were collected on the primary and permanent dentitions at both the tooth (dmft/DMFT) and surface (dmfs/DMFS) levels, only DMFT is reported, as most of the 14-and 15-year-olds only have permanent teeth and to allow for comparison with international literature. Observed enamel fluorosis/defects were recorded for both the central incisors (11 and 21) using the Thylstrup and Fejerskov (TF) Index [12] . Only data for the 11 are reported in this paper.
Standard equipment, including portable air syringe compressors, lighting and dental instruments were used to maximise inter-examiner reliability. Parents were informed of the outcome of the examination via a letter handed to the teenager in a sealed envelope. A principal (Gold Standard) survey examiner who conducted the training and calibration of the examination teams also completed inter-examiner reliability testing on a sub-sample of 72 participants.
Clinical examination data were entered directly into the laptop computers and Cardiff Teleform software [13] was used to extract the data from the returned consent and questionnaire forms. Caries experience data were analysed in SAS 9.2 [14] and were compared with the socio-demographic data from the questionnaire and consent form using cross-tabulations along with ICC analysis and Kappa statistics for the reliability analysis. The key dependent variables used in the analyses were caries experience (DMFT > 0) and mean DMFT. The TABULATE and SURVEYFREQ procedures in SAS were used to produce cross-tabulations and determine 95% confidence intervals. The Chi-square test was used to assess the degree of association between water fluoridation status and enamel fluorosis/defects. 
Ethics approval for the Survey was granted by the New South Wales Population and Health Services Research

Results
175 schools were contacted, with 84 (48%) accepting the invitation to participate in the study. A total of 5,357 student consent forms and parent information packages were sent out via the schools. A total of 1,256 teenagers were examined including 591 males and 665 females ( Table 1 ). The student participation rate was 23% which takes into account non-attendance and refusals on the day of the examinations.
The examiner reliability was assessed by the gold standard examiner who re-examined 72 students (6% of all students examined). These students were also examined by one of the 14 survey examiners. Given the large distances involved it proved impossible to complete reliability examinations for five of the 19 examiners, who were responsible for assessing 12% of the total sample.
The 14 examiners whose clinical data were compared to the gold standard examiners reported high levels of agreement for tooth presence, missing, decayed or filled teeth, and for pre-cavitated lesions (ICC values ranged 0.8 to 0.9; Table 2 ). Excellent agreement was obtained for decayed, missing, filled or pre-cavitated status of individual teeth or surfaces and for TF scores (Kappa values ranged 0.7 to 0.9; Table 3 ).
The mean DMFT for 14-and 15-year-olds was 1.2 with males having a slightly higher mean DMFT than females (1.2 versus 1.1) ( Table 1 ). The overall mean decayed permanent teeth(DT) was 0.5 for males, and 0.4 for females (Table 1 ). Among 14-to 15-year-olds with untreated caries in their permanent teeth (DT > 0), the mean DMFT was 2.6 with an average of 1.0 decayed permanent teeth. Females had slightly higher DMFT than males (2.7 compared to 2.6).
Large differences were found among Local Health Districts, with Hunter New England having the lowest mean DMFT score of 0.5 teeth and Mid-North Coast having the highest at 3.0 teeth. There were also considerable differences in untreated caries rates between Local Health Districts with the lowest being 0.1 teeth in Sydney and the highest 1.6 teeth in the Mid-North Coast ( Table 4 ). The overall percentage of 14-and 15-year-olds free from dental caries in their permanent teeth was 54.6%. However Table 2 shows that these percentages varied from a low of 30.8% in Mid-North Coast to a high of 72.8% in the Central Coast.
The survey collected data on the presence of fissure sealants. The percentage of 14-to 15-year-olds with at least one fissure sealant present in their permanent teeth was 28.1% state-wide with the lowest percentage being 12.6% in South Western Sydney and the highest 51.7% in South-Eastern Sydney ( Table 4 ).
There were 27 Aboriginal and/or Torres Strait Islander teenagers in the sample, comprising 2.1% of the survey population. There were insufficient data to provide reliable statistics on state-wide differences in dental caries experience among Aboriginal and non-Aboriginal children.
The teenagers whose parents were in the lowest income group experienced substantially higher rates of dental disease than those in the highest income group (1.8 versus 0.7 teeth; Table 5 ) and had on average twice as many teeth with untreated decay (0.9 versus 0.3 decayed teeth). Only 65 teenagers in NSW (5.2% of the survey population) required immediate treatment and recorded a mean DMFT score of 2.5 and a mean of 1.3 carious teeth (Table 5 ). These teenagers include those who were identified with existing tooth pain; abscessed, grossly decayed, avulsed or fractured teeth and severe periodontal problems. Those requiring immediate treatment had on average more than three times the number of untreated decayed permanent teeth (D = 1.3) than those individuals not requiring immediate treatment (D = 0.4).
Teenagers living in fluoridated areas of NSW had lower mean DMFT rates (DMFT 1.1 versus 1.7, Table 5 ) and a higher percentage of children who had never experienced decay (56.0% versus 45.0%) than children in unfluoridated areas.
Mean DMFT scores by socio-economic status (SES) were also compared, and these varied from 1.1 in the highest SES quintile to 1.5 in the lowest SES quintile (Table 5) . Similarly, the mean number of decayed teeth varied from 0.3 in the highest SES quintile to 0.7 in the lowest SES quintile. The percentage of 14-and 15-yearolds with no caries experience was 55.1% in the highest SES quintile and 49.2% in the lowest SES quintile.
The mean DMFT showed an ascending gradient with increasing remoteness, with a mean score of 1.2 in the major cities and 2.4 in the remote areas ( Table 5 ). The number of carious teeth (DT) showed a similar gradient, with an average of 0.4 in the major cities to 1.1 in remote areas. The percentage of teenagers with no caries experience varied from 54.8% in the major cities to 51.0% and 28.0% in the outer regional and remote areas, respectively. The majority of 14-and 15-year-olds had no enamel fluorosis/defects, with 77% having TF scores of 2 and under ( Table 6 ). There were no statistical differences in TF scores between fluoridated and un-fluoridated cohorts (χ 2 = 4.89 (4df ), P = 0.30).
Discussion
This is the first large epidemiological study of the dental caries experience of 14-and 15-year-olds in Australia using a population-based sampling methodology and calibrated examiners. The research design used the school as the sampling unit and in 2010/11 2631 children were reported to be taught at home [15] , which is a very small portion (0.2%) of the total school-aged population. The design used in this study was developed in conjunction with ARCPOH and the University of Sydney. The sampling and examination protocol is almost identical to that being used in the 2012/2013 Australian National Child Dental Health Survey.
A potential weakness of this study is the low acceptance rate from schools and low participation rate of students. The acceptance rate from the schools was 48% and the reasons provided by the schools included a crowded curriculum, timetabling issues and prior commitments to other surveys. The participation rate from students was low at 23%, demonstrating the difficulty in acquiring consents from a teenage population sample. A previous New South Wales SOKS school dental program which ran from 1996 to 2000 [16] suffered similar problems. The survey involved Year 8 School grade (ages 12-13) students and achieved a participation rate of 40% for 12-13year-olds compared to 72% of the kindergarten grade.
There were also only 27 (2.1%) Aboriginal participants who could be coded from their parents' responses on the consent forms. The coding of Aboriginal status for both participants and their parents was also an issue with the data collected in the National Child Dental Health Surveys in 2003/04 [3] and in 2007 [4] . The lack of information about this priority group is disappointing given their normally high dental disease burden and the focus on closing the gap in Aboriginal oral health status being a major part of the National Oral Health Plan [17] . The lack of robust data on Aboriginality in recent surveys is likely to be addressed by the National Child Dental Health Survey 2012/2013.
The most recent nationally reported data for teenagers in Australia is from the 2009 Child Dental Health Survey Australia [18] which reported a mean DMFT of 1.7 for 14-year-olds, however no NSW data were available [18] . The BASCD survey of 14-year-olds in the United Kingdom found DMFT scores of 2.1 in 1990 and 1.7 in 1994 [19] while the 2009 New Zealand Oral Health Survey found a DMFT of 1.9 amongst 12-17-year-olds [20] . The most recent NSW data with adequate sample size and adjustment for under-estimating DMFT were collected in 2000 [21] and reported a mean score of 1.1 for 14-year-olds, which was similar to the mean DMFT of 1.2 for 14-and 15-yearolds in this 2010 survey, a decade later. The DMFT score has been stable in New South Wales over the last ten years and this may be due in part to the increased coverage of water fluoridation in the State over this time period [22] . The NSW Teen Dental Survey provides state-wide data on teenage children and is an important contribution to the national picture on teenage oral health. This survey also addresses the lack of data identified in the recent report on the dental health of Australian Teenagers [3] . The Child Dental Health Survey Australia 2007, noted difficulties in producing representative national estimate of caries experience for 13-to 15-year-olds. This was deemed due to differences in eligibility criteria for public dental services for this age-group among Australian States and Territories [4] . The Australia-wide National Child Dental Survey 2012/2013 currently underway includes 14-and 15-year-olds and will provide the first Australian National data based on a common sampling and examination protocol. However the NSW Teen Dental Survey has provided the first step in assembling a workable database of the oral health of teenagers and should enable health service planners and policy makers to make informed decisions.
Despite an overall mean DMFT score of 1.2, there are substantial differences within and among Local Health Districts in NSW and among sub-populations. This is particularly true for those teenagers living in un-fluoridated parts of NSW, those from lower SES backgrounds and those located in remote areas. These findings support the NSW Department of Health strategy to increase the proportion of the population receiving fluoridated public water supplies.
A critical issue is that 14-15-year-olds fall within a policy grey-area nationally in Australia. In some states 14-15-year olds are universally eligible for free public dental care whereas in other states they need to have parents who are health care card holders and/or pay a co-payment. This has meant that data collection has been historically limited to inspections undertaken in the School Dental Services. Information has been non-existent for some States such as NSW, which does not have a designated School Dental Service. This policy inconsistency has been reinforced by the Medicare Teen Dental Plan where eligibility for 12-17-year-olds is limited to those whose families are Family Tax A eligible. These 14-15-year-olds may be caught between receiving dental care in either the public or private system at a critical time for the development of positive oral health behaviours. For example, some New South Wales teenagers treated privately under the Medicare Teen Dental Plan have been referred back to the public sector when their parents couldn't afford the cost of ongoing private dental care which was outside the scope of the vouchers [23] .
The implementation of the Child Dental Benefits Schedule by the Australian Federal Government from 2014, provides an important opportunity to address the problem of individuals being unable to fund their private care. This scheme extends the age range of the Medicare Teen Dental Plan from 12-17 to 2-17 years and also allows a wider range of items of dental care to be provided (up to $1,000 per child over 2 years) [24] . Providers will be paid on the items provided up to the limit of $1,000, rather than a standard Medicare fee no matter what care is provided. This will also allow for improved program evaluation of the relative mix of preventive and restorative items provided.
Conclusion
The weighted data from this survey provides the first representative information on caries experience amongst 14-and 15-year-olds in NSW. The mean DMFT score of 1.2 is lower than recent national and international data. However there are teenagers without access to fluoridated water (DMFT 1.7), living in remote areas (DMFT 2.4), and those from lower SES groups (DMFT 1.5) who have higher a prevalence of dental disease. This NSW Teen Dental Survey data should inform oral health service planners and policy makers to make informed decisions. 
